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Introduction
of each training week (Sunday) and averaged to obtain a mean value. This allowed for 154 physical activity level (PAL) to be calculated. Changes in fasted BM and hydration status 155 were assessed on Monday and Saturday of both assessment weeks, providing an objective 156 assessment of energy balance. The training and home-based loads of participants were 157 recorded via sessional ratings of perceived exertion (sRPE) (Foster et al., 2001) , micro-158 technology units and SenseWear Armbands (SWA), respectively. Energy and macronutrient intakes were analysed via 'Snap-N-Send' across a non-164 consecutive ten-day assessment period. The combined non-consecutive period included 165 Monday-Friday of both assessment weeks. Two non-consecutive five-day dietary assessment 166 periods were specifically chosen so that participants received a break from dietary reporting 167 over the weekend, enhancing the quality of analysis likely to be obtained (Costello et al., 168 2017b). Importantly, a shorter seven-day assessment period is considered accurate 169 representation of habitual energy and macronutrient intakes (Braakhuis, Meredith, Cox, 170 Hopkins, & Burke, 2003) . Moreover, 'Snap-N-Send' is a dietary assessment tool specifically 171 designed and validated for use within an elite adolescent athlete cohort, reporting enhanced validity and reliability over traditional dietary assessment tools via 173 novel addressment of both methodological and behavioural dietary assessment error (Costello 174 et al., 2017b) .
175
Prior to the study period, participants attended a preliminary workshop where they 176 were verbally, visually and kinaesthetically taught how to use 'Snap-N-Send'. The method the BCTs employed throughout the preliminary workshop or assessment period please see 185 . prepared for each participant, as has previously been described (Costello et al., 2018b) . A 197 spilt dose protocol was chosen to ensure tracer enrichment in body water remained above the 198 minimum recommendation throughout the study (IAEA 2009). Doses were calculated 199 relative to the largest BM of any participant (Schoeller et al., 1980) . This included 2 H2O (99 200 atom %) and H2 18 O (10 atom %) based on 0.14 g . kg -1 and 0.90 g . kg -1 of BM, respectively.
DLW Administration, Urine Collections and IRMS Analyses of Urine Samples
Resting Metabolic Rate 229 Participants underwent an overnight fast and fifteen-minute enforced rest period 230 before the beginning of a fifteen-minute assessment. The assessment occurred within a mildly 231 lit and temperate room (21-23 °C) with participants lying quietly in a supine position 232 (Compher et al. 2006 ). Expired gas was analysed using an online gas analyser (Metalyzer 233 3BR3, Cortex, Leipzig, Germany). The gas analyser was calibrated as per the manufacturer's 234 guidelines using two known concentrations of each gas (ambient and 15% O2 and ambient 235 and 5% CO2), daily barometric pressure and a 3-L volume syringe. Participants wore a 236 facemask connected to a gas analyser for online breath-by-breath analysis. Data were 237 subsequently averaged every 30 s to remove artefacts and exported to Microsoft Excel (2016, 238 Seattle, USA), providing an accurate assessment of RMR with a coefficient of variation <10 239 % (Compher et al., 2006) . The respiratory exchange ratio was determined from V O2 and 240 V CO2 measurements (Frayn, 1983) . Energy expenditure was estimated from substrate 241 oxidation rates and expressed per 24 hours, using an energy value for carbohydrate and fat of 242 3.75 kcal and 9 kcal, respectively (Southgate & Durnin, 1970) . Specifically, the second void of the day was collected and analysed for osmolality through freezing point depression (Gonotec, Berlin, Germany). Samples were analysed in triplicate for each participant and averaged to provide a final osmolality score. Australia; version 5.1.7, 15 (3); horizontal dilution of precision 0.8 (0.6)), respectively.
260
Microtechnology units were turned on fifteen minutes prior to any session in a clear outdoor 261 space to achieve a satisfactory satellite lock. Home-based loads were assessed outside of 262 every training session via SWA (SenseWear Professional version 6.1; BodyMedia, USA), as 263 has previously been described (Costello et al., 2018b) . (Hopkins et al., 2009) . Thresholds for ES were set as; <0.2 trivial; 0.2-0.6 276 small; 0.6-1.2 moderate; 1.2-2.0 large (Hopkins et al., 2009) . The probability that the magnitude of change was greater than the practically important threshold (0.2 x between 278 subject SD) was rated as <0.5%, almost certainly not; 0.5-4.9%, very unlikely; 5-24.9%, 279 unlikely; 25-74.9%, possibly; 75-94.9%, likely; 95-99.5%, very likely; >99.5%, almost 280 certainly (Hopkins et al., 2009 ). The magnitude of change was described as unclear when the 281 90% CI crossed both the upper and lower boundaries of the practically important threshold 282 (ES ±0.2).
284

Results
285
Dietary Intake
286
Mean energy intake across the non-consecutive ten-day assessment period was 16.73
287
(2.40) MJ . day -1 . Absolute carbohydrate, protein, fat and alcohol intakes were 445 (64) g . day -1 ; 288 224 (48) g . day -1 ; 149 (25) g . day -1 and 1.5 (3.7) g . day -1 , respectively. When expressed relative 289 to BM, players consumed 5.2 (1.2) g . kg -1. day -1 of carbohydrate, 2.6 (0.8) g . kg -1. day -1 of 290 protein and 1.8 (0.3) g . kg -1. day -1 of fat. 
Energy Balance
Individual values for energy intake, expenditure, balance and fasted BM change across the non-consecutive ten-day dietary assessment period are reported in Table 3 . The collision-based sports, it is imperative that young players utilise developmental periods (i.e. pre-season) to increase fat-free and overall BM to maximise their career progression (Brazier 351 et al., 2018; Till, Scantlebury, & Jones, 2017) . To drive desired adaptation, players require a 352 habitual positive energy balance and high-quality diet (Logue et al., 2018; Thomas et al., 353 2016) . In this study professional young RL players displayed distinctly large expenditures as 354 high as 5708 kcal . day -1 , emphasising a requirement for equally large energy intakes to 355 achieve the required daily energy surplus needed to increase fat-free mass alongside BM 356 (Longland, Oikawa, Mitchell, Devries, & Phillips, 2016) . Accordingly, it imperative that 
360
Despite consuming large energy intakes, professional young collision sport athletes 361 might fail to consistently achieve energy balance across demanding pre-season periods, 362 potentially affecting targeted physical and anthropometric developments. In this study 363 professional young RL players consumed a large average energy intake of ~4000 kcal . day -1 , 364 634 kcal . day -1 higher than intakes previously reported for professional young rugby players 365 during a pre-season (Smith et al., 2016) and ~653 kcal . day -1 greater than values reported for 366 professional senior RL players in-season (Morehen et al., 2016) . In spite of such intakes, 367 players still reported consuming 389 kcal . day -1 less on average than they expended, resulting 368 in an undesirable reduction in fasted BM. Although a negative energy balance combined with 369 a high protein diet can result in desirable body composition changes (i.e. decreased fat 370 mass) (Longland et al., 2016) , consistent energy deficits have been shown to result in low 371 energy availability and a myriad of health defects that greatly 'out-weigh' benefits in a young 372 athlete population (Logue et al., 2018) . Consequently, professional young collision-sport 373 athletes are encouraged to account for the energetic 'impact' of collisions, by (re)fuelling appropriately for the "muscle damage caused" alongside the kinematic "work required" (Costello et al., 2018b) . Whereas, practitioners and coaches operating within professional
